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There have not been yet enough studies about eﬀects of beta glucan and gliclazide on oxidative stress created by streptozotocin in
the brain and sciatic nerve of diabetic rats. The aim of this paper was to investigate the antioxidant eﬀects of gliclazide and beta
glucan on oxidative stress and lipid peroxidation created by streptozotosin in brain and sciatic nerve. Total of 42 rats were divided
into 6 groups including control, diabetic untreated (DM) (only STZ, diabetic), STZ (DM)+beta glucan, STZ (DM)+gliclazide,
only beta glucan treated (no diabetic), and only gliclazide treated (no diabetic). The brain and sciatic nerve tissue samples were
analyzed for malondialdehyde (MDA), total oxidant status (TOS), total antioxidant status (TAS), oxidative stress index (OSI), and
paraoxonase (PON-1) levels. We found a signiﬁcant increase in MDA, TOS, and OSI along with a reduction in TAS level, catalase,
and PON-1 activities in brain and sciatic nerve of streptozotocin-induced diabetic rats. Also, this study shows that in terms of
these parameters both gliclazide and beta glucan have a neuroprotective eﬀect on the brain and sciatic nerve of the streptozotocin-
induced diabetic rat. Our conclusion was that gliclazide and beta glucan have antioxidant eﬀects on the brain and sciatic nerve of
the streptozotocin-induced diabetic rat.
1.Introduction
Diabetes mellitus (DM) is one of the most common chronic
metabolic disorders leading to complications in a number of
organ and systems. DM characterised by disturbed glucose
metabolism due to an absolute or relative insulin deﬁciency
aﬀects the central and peripheral nervous systems [1]. It is
reported that encephalopathy is the long-term neurological
complication of diabetes and is associated with cognitive
decline and increased risk of dementia [2]. Brain and nerve
tissues are two sites of diabetic organ damage [3]. Also,
it is reported that oxidative stress and apoptosis play an
important role in diabetes-induced tissue damage [4, 5].
DM, in hyperglicemia uncontrolled, initiates degenerative
processes that causes damage of brain and nerve tissues
because of excess oxidative stress. In diabetic complications,
oxidative stress results from an overproduction of reactive
oxygen/nitrogen species generated by glucose autoxida-
tion, mitochondria dysfunction, protein glycation and from
decreased antioxidant defenses [6].
One of the important goals of DM treatment is to
prevent its complications. To this end, there is accumulat-
ing evidence that supplementation antioxidant compounds
may oﬀer some protection against diabetic complications
[7]. Therefore, beta-glucan and gliclazide were selected as
possible protective materials of this study. Beta-glucans are
glucose polymers that are found in the cell walls of yeast,
fungi, and cereal plants. They are known to have beneﬁcial2 Experimental Diabetes Research
eﬀects on the immune system and are claimed to have no
toxic or adverse eﬀects. Natural products containing beta-
glucanshavebeenusedforthousandsofyearsforthebeneﬁts
of human health, but beta-glucans were only identiﬁed
as active components recently [8]. Beta-glucans have been
investigated extensively for immune stimulation eﬀects and
developedforthetreatmentofseveraldiseasesincludingcan-
cer, decubitus ulcer, and infectious diseases. Recent studies
have reported that beta-glucans could reduce hyperglicemia,
hyperlipidemia, and hypertension [9]. Several mechanisms
were suggested for the protective eﬀect of beta-glucan; one
of these mechanisms is related to antioxidant capacity of this
molecule. It was found that β-glucan is an antioxidant with
the scavenging ability lying between that of α-tocopherol,
which is known to be incorporated in the lipid bilayer,
and the water-soluble antioxidant, mannitol [10]. Therefore,
beta-glucans have great potential for the treatment of dia-
betes and associated neurological diseases including diabetic
neuropathy and encephalopathy. Thus, beta glucan can lead
new approaches for the prevention of diabetic neurologic
complications and vascular risk factors by reducing oxidative
damage of this molecule. However, there have not been
yet enough studies for its antioxidant actions on diabetic
brain and sciatic norve tissues. The aim of this study was to
investigate the antioxidant protective eﬀects of beta glucan
on brain and sciatic nerve tissues of streptozotocin-induced
diabetic rats.
Gliclazide which is another possible protective material
of this study, is a second-generation sulfonylurea hypo-
glycemic agent. It may show eﬀect as reduction in free
radical generation or an increase in free radical scavenging.
Also, gliclazide may contribute to the control of the phys-
iopathological mechanisms underlying both the process of
aging and type 2 diabetes by reducing oxidant stress and
DNA damage, improving antioxidant status [11]. In diabetic
experimental models, it has been reported that gliclazide
potentially protects the vasculature through improvements
in plasma lipids and platelet function [12]. However, there
have not been yet enough studies about its antioxidant
actions on diabetic brain and sciatic nerve tissues. Therefore,
in the present study, the protective eﬀects of gliclazide




2.1. Animals, Care, and Nutrition. This study was approved
by Dicle University Animal Ethical Committee and was car-
ried out in accordance with the “Animal Welfare Act and the
Guide for the Care and Use of Laboratory animals prepared
by the Dicle University, Animal Ethical Committee.” Female
Wistar Albino rats (250 ± 50g) were obtained from the
Animal labaratuaryof Dicle University. The rats were housed
in clean polypropylene cages having six rats per cage and
maintained under temperature controlled room (23 ± 2◦C)
with a photoperiod of 12h light and 12h dark cycle. The
rats were given standard pellets diet and water ad libitum
throughout the experimental period. All eﬀorts were made
to minimize animal suﬀering and to use only the number of
animals necessary to produce reliable scientiﬁc data.
2.2. Animals and Treatment. The rats were fasted overnight,
and diabetes was induced by a single dose via intraperitoneal
injection of streptozotocin solution (STZ). The experiment
was designed as a total of 28 days. A week after STZ
administration, their blood glucose values were measured
and were deﬁned as diabetic rats, that is, their blood glucose
values were above 250mg/dL. STZ caused the death of some
rats. At the end, 42 rats were divided into 6 groups including
control, diabetic untreated (only STZ, diabetic), diabetics
treated with beta glucan (STZ + beta glucan), diabetics
treated with gliclazide (STZ + gliclazide), only beta glucan
treated (beta glucan control, no diabetic), and only gliclazide
treated (gliclazide control, no diabetic). The beta-glucan
(Mustafa Nevzat Company, Turkey) used in this study is
1,3-1,6 beta-D-glucan in the microparticulate form, which




used in the tablet form was administered orally (10mg/kg
bodyweight)withagavagefor21daysintheSTZ+gliclazide
and only gliclazide groups. STZ solution was prepared as
follows: 24mg of STZ was dissolved in 1mL of 5mM
citrate buﬀer (pH 4.5) before the injection, and a volume
of 2.5mL/kg was administrated into each rat. The animals
were fasted overnight and diabetes was induced by a single
i.p. injection of a freshly prepared solution of STZ (CAS
number: 133 18883-66-4, 85882, Sigma-Aldrich) (50mg/kg
body weight) in 0.1M cold citrate buﬀer (pH 4.5). One week
after STZ administration, blood was taken from the lateral
veins of the tail, their blood glucose levels were measured
by a glucometer (ACCU-CHEK, Roche Diagnostics) using
a glucose oxidase method and the rats whose blood glucose
values were above 250mg/dL were accepted as diabetic [13].
After completion of 21 days for drug treatments, the animals
were sacriﬁced by cervical dislocation, and the brain and
sciatic nerve tissues were excised at 4◦C. The tissues were
washedwithice-coldsalineandimmediatelystoredat −50◦C
for biochemical analyses.
2.3. Biochemical Analyses. The excised cerebrum and sciatic
nerve tissue samples for biochemical analyses were weighed,
immediately stored at −50◦C. The cerebrum tissues cleaned
with 1.15% ice-cold KCl, minced, then homogenized in ﬁve
volumes (w/v) of the same solution. Assays were performed
on the supernatant of the homogenate that is prepared at
14.000rpm for 30min at +4◦C. The protein concentrationof
the tissue was measured by the method of Lowry [14]. Lipid
peroxidationlevelinthecerebrumwasexpressedasmalondi-
aldehyde (MDA). It was measured according to procedure of
Ohkawa et al. [15]. Catalase activity was measured according
to the method of Aebi [16]. Serum paraoxonase (PON-1)
activity was measured spectrophotometrically by modiﬁed
Eckerson method [17]. The TAS of supernatant fractions
was evaluated by using a novel automated and colorimetric
measurement method developed by Erel [18]. HydroxylExperimental Diabetes Research 3
radicals, the most potent biological radicals, are produced in
this method. In the assay, the ferrous ion solution present in
reagent 1 is mixed with hydrogen peroxide, which is present
in reagent 2. The subsequently produced radicals, such as
brown-colored dianisidine radical cations produced by the
hydroxylradicals,arealsopotentradicals.Usingthismethod,
the antioxidative eﬀect of the sample is measured against
the potent-free radical reactions initiated by the produced
hydroxyl radicals. The assay has excellent precision values
lower than 3%. The total antioxidant status (TAS) results are
expressed as nmol Trolox equivalent/mg protein. The total
oxidant status (TOS) of supernatant fractions was evaluated
by using a novel automated and colorimetric measurement
method developed by Erel [19]. Oxidants present in the
sample oxidize the ferrous ion-o-dianisidine complex to
ferric ion. The oxidation reaction is increased by glycerol
molecules, which are abundantly present in the reaction
medium. The ferric ion makes a colored complex with
xylenol orange in an acidic medium. The color intensity,
which can be measured spectrophotometrically, is related to
the total amount of oxidant molecules present in the sample.
The assay is calibrated with hydrogen peroxide, and the
results are expressed in terms of nmol H2O2 equivalent/mg
protein [20]. The TOS level to TAS level ratio was regarded
as the oxidative stress index (OSI). The unit of cerebrum
tissue TOS and TAS was μmole H2O2 Equiv./gram protein
and mmole H2O2 Equiv./gram protein, respectively. The
cerebrum tissue OSI value was calculated as follows: OSI
= ((TOS, μmole H2O2 Equiv./gram protein)/(TAS, μmole
H2O2 Equiv./gram protein) × 100) [21].
2.4. Statistical Analyses. The data was analyzed by using
Statistical Package for the Social Sciences version 11.5 (SPSS
11.5 for Windows, Chicago, IL, USA). The variables between
the groups were tested by Mann Whitney U test. A value of
P<0.05 indicates a signiﬁcant diﬀerence. Data are expressed
as mean ± S.D.
3. Results
In the rat brain, the MDA, TOS, TAS, and OSI level, catalase
and PON-1 enzyme activities are presented in Table 1.T h e r e
was a signiﬁcant depletion in the PON-1, catalase, and TAS
levels in the brain of the diabetic rat compared to the
control groups (for both parameters P<0.05). However,
beta glucan-treated diabetic rats signiﬁcantly reversed the
catalase, PON-1 and TAS back to normal levels compared
to untreated diabetic rats (for both parameters P<0.05).
PON-1 activity was signiﬁcantly higher in gliclazide-treated
diabetic group than untreated diabetic group in the brain
(P<0.05), but catalase activity and TAS level were not
signiﬁcant (for both parameters P>0.05). As can be seen
from Table 1, the level of MDA, TOS, and OSI in the brain
tissue was increased in untreated diabetic rats compared
with the rats of control group (for both parameters P<
0.05). However, MDA, TOS, and OSI levels were signiﬁcantly
reduced to gliclazide-treated diabetic group compared with
the untreated-diabetic group in brain tissue (for both
parameters P<0.05). Likewise, MDA, TOS, and OSI levels
were signiﬁcantly reduced to beta-glucan-treated diabetic
group compared with the untreated-diabetic group in brain
tissue (for both parameters P<0.05).
It was observed that medication similarly aﬀected both
tissue in the rat sciatic nerve compared with brain tissue. In
the rat sciatic nerve, the MDA, TOS, TAS, and OSI levels as
wellascatalaseandPON-1enzymeactivitiesarepresentedin
Table 2. There were no signiﬁcant diﬀerences in brain tissue
MDA, TOS, TAS, OSI, catalase, and PON-1 in both beta
glucan-treated group and gliclazide-treated group compared
to control group rats (P>0.05). There was a signiﬁcant
depletioninthePON-1,catalase,andTASlevelsinthesciatic
nerve of the diabetic rat compared to the control groups (for
both parameters P<0.05). However, beta-glucan-treated
diabetic rats signiﬁcantly reversed catalase, PON-1, and
TAS back to normal levels compared to untreated diabetic
rats (for both parameters P<0.05). PON-1 activity was
signiﬁcantly higher in gliclazide-treated diabetic group than
untreated diabetic group in the brain (P<0.05), but
catalase activity and TAS level were not signiﬁcant (for both
parameters P>0.05). As can be seen from Table 2, the
levels of MDA, TOS, and OSI in the sciatic nerve tissue
were increased in untreated diabetic rats compared with
the rats of control group (for both parameters P<0.05).
However, MDA, TOS, and OSI levels were signiﬁcantly
reduced to gliclazide-treated diabetic group compared with
the untreated-diabetic group in sciatic nerve tissue (for both
parameters P<0.05). Likewise, MDA, TOS, and OSI levels
were signiﬁcantly reduced to beta-glucan-treated diabetic
group compared with the untreated-diabetic group in sciatic
nerve tissue (for both parameters P<0.05).
4. Discussion
DM is a metabolic disorder with a globally rising prevalence
which can aﬀect the peripheral and central nervous system
[2, 22]. It is well known that oxidative stress is a contributor
to the development of complications in DM. There are
several lines of evidence indicating that oxidative stress
is increased in diabetic neuropathy and encephalopathy
[23, 24]. Streptozotocin-induced diabetes is a well-described
model of experimental diabetes that provides a relevant
example of endogenous chronic oxidative stress as a result
of hyperglycemia in diabetic brain [4].
Previous experimental studies in STZ-induced diabetic
rats have been suggested that the increased oxidative stress is
an important factor in the pathogenesis of the complications
[4]. For example, increased lipid peroxidation impairs
membrane function by decreasing membrane ﬂuidity and
causes free-radical-induced membrane lipid peroxidation
including increased membrane rigidity, decreased cellular
deformability, leading to various diseases [25]. Lipid peroxi-
dation is initiated by free radicals attack to membrane lipids,
generating large amounts of reactive products, which have
been implicated in diabetes and its complications. MDA is a
decomposition product of peroxidized polyunsaturated fatty
acids, end product of lipid peroxidation. Thus, MDA is a
marker of lipid peroxidation. In this study, the level of MDA
signiﬁcantly increased in the untreated diabetic rat sciatic4 Experimental Diabetes Research




(mmol H2O2 Eq./g protein)
TAS




Control (I) 259.9 ±60.52 2 .0 ±8.20 .44 ±0.15 3 .6 ± 25.51 .19 ±0.14 0.72 ±0.29
Diabetic (II) 454.7 ±62.83 9 .7 ±3.50 .22 ±0.08 204.9±96.30 .65 ±0.15 0.30 ±0.05
Diabetic +
gliclazide (III) 367.4 ±47.63 2 .2 ±2.80 .29 ±0.04 113.7±17.10 .73 ±0.12 0.40 ±0.10
Diabetic + Beta
glucan (IV) 329.2 ±45.32 7 .0 ±5.90 .38 ±0.08 75.0 ± 26.91 .02 ±0.09 0.59 ±0.26
Gliclazide (V) 242.0 ±36.72 0 .5 ±6.30 .44 ±0.15 1 .01±28.71 .34 ±0.23 0.80 ±0.18
Beta glucan (VI) 257.0 ±55.02 1 .8 ±6.80 .46 ±0.11 52.7 ± 33.41 .30 ±0.26 0.71 ±0.20
P values
I-II 0.002 0.004 0.003 0.002 0.002 0.004
II-III 0.009 0.009 N.S. 0.009 N.S. 0.046
II–IV 0.002 0.004 0.012 0.002 0.002 0.016
I–VI N.S. N.S. N.S. N.S. N.S. N.S.
I–V N.S. N.S. N.S. N.S. N.S. N.S.
N.S: not signiﬁcant, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index, PON-1: paraoxonase.




(mmol H2O2 Eq./g protein)
TAS




Control (I) 17.6 ±3.11 1 .4 ±3.50 .16 ±0.01 70.7 ±23.00 .36 ±0.07 0.11 ±0.02
Diabetic (II) 30.2 ±4.22 0 .6 ±1.90 .08 ±0.03 299.4±161.90 .19 ±0.05 0.04 ±0.01
Diabetic +
gliclazide (III) 25.0 ±2.91 7 .7 ±2.50 .11 ±0.02 162.3 ±37.20 .21 ±0.03 0.06 ±0.01
Diabetic + Beta
glucan (IV) 23.0 ±1.31 4 .1 ±2.70 .14 ±0.03 108.4 ±41.50 .29 ±0.03 0.09 ±0.03
Gliclazide (V) 16.1 ±2.41 0 .7 ±3.20 .16 ±0.04 71.5 ±40.80 .39 ±0.07 0.12 ±0.03
Beta glucan
(VI) 17.1 ±3.61 1 .3 ±3.50 .17 ±0.04 73.6 ±45.20 .38 ±0.08 0.10 ±0.03
P values
I-II 0.002 0.004 0.002 0.002 0.002 0.002
II-III 0.017 0.025 N.S. 0.018 N.S. 0.021
II–IV 0.002 0.004 0.012 0.002 0.002 0.006
I–V N.S. N.S. N.S. N.S. N.S. N.S.
I–VI N.S. N.S. N.S. N.S. N.S. N.S.
N.S: not signiﬁcant, MDA: malondialdehyde, TOS: total oxidant status, TAS: total antioxidant status, OSI: oxidative stress index, PON-1: paraoxonase.
and brain tissues. And it was concluded that the increase
in lipid peroxidation might be a reﬂection of the decrease
in enzymatic and nonenzymatic antioxidants of defense sys-
tems in diabetic rats. Similarly, in previous studies, increased
MDA levels have been found in brain and sciatic nerve of
diabetic rats [4, 26]. Also, in our study, the reduced MDA
levels by both gliclazide and beta glucan likely demonstrate
that beta glucan and gliclazide might be agents to protect the
brain and nerve tissues against diabetic oxidative stress. In
one study, it has been reported that treatment with gliclazide
prevented the increase level of lipid peroxidation marker in
plasma and pancreas of diabetic rats. In another a study, it
hasbeenfoundthatMDAleveldecreasedfollowinggliclazide
treatment in patients with diabetes [25, 27]. Also, it has been
reported that gliclazide may be beneﬁcial by inhibition of
lipid and protein denaturation [28]. Similar to our study,
Delibas et al. reported that gliclazide treatment prevented
the elevation of MDA levels in hippocampus of diabetic
rats [29]. In addition to MDA level, measurement of TOS,
TAS, and OSI provides novel and reliable index of oxidative
s t r e s s .T h el e v e l so fo x i d a n t sc a na l r e a d yb em e a s u r e ds e p -
arately in the laboratory, but these measurements are time-
consuming and costly. The number of diﬀerent oxidants
in all biological samples makes it diﬃcult to measure each
oxidant separately. Assessment of TOS may be indicating the
level of all free oxidant radicals caused by diabetes-related
oxidative stress [30]. Likewise, the number of diﬀerent
antioxidants in all biological samples makes it diﬃcult to
measure each antioxidant separately. Thereby, TAS may be
an important factor providing protection from neurologicalExperimental Diabetes Research 5
damage caused by diabetes-related oxidative stress [31].
Therefore, we investigated both TAS and TOS by using new
measurement methods developed by Erel (2004, 2005) to
more accurately assess oxidative stress in this study [18, 19].
AlsoweevaluatedoxidativestresswithOSI,detectedbyusing
both TOS and TAS parameters. We found increased TOS and
OSIlevelsanddecreasedTASlevelandcatalaseactivityinthe
diabetic rats compared to control rats in the brain and sciatic
nerve tissues. At the same time, this study conﬁrms that
brain and sciatic nerve of diabetic rats show increased MDA,
TOS, and OSI levels along with reduced TAS and catalase.
These increases may be due to overproduction or decreased
excretion of oxidant substances. Because of the increase
in these oxidants and the decrease in total antioxidants,
the oxidative/antioxidative balance demonstrated to shift
towards the oxidative status in brain and sciatic nerve
tissues of diabetic rats in this study. Treatment with beta
glucan of diabetic rats was signiﬁcantly reduced to TOS and
OSI along with increased TAS level and catalase activity
compared to untreated diabetic rats in brain and sciatic
tissues. Because of the decrease in these oxidants and the
increase in these antioxidants, the oxidative/antioxidative
balance demonstrated to shift towards the antioxidative
status with beta glucan treatment in brain and sciatic nerve
tissues of diabetic rats. Additionally, there was no diﬀerence
in beta glucan group between control group regarding sciatic
and brain oxidant/antioxidant parameters. These ﬁndings
show no toxic eﬀect treatment with beta glucan in brain and
sciaticnervetissuesofdiabeticrats.Thus,itmaybepreferred
to use natural products in treating and preventing various
diseases.
Owing to their useful eﬀects on the immune system,
antioxidant, and anti-inﬂammatory properties, and because
they lack any toxic eﬀects, beta glucans have been used in
previous many studies [32, 33]. It has been suggested that
beta-glucansloweredpostprandialglycemia,hyperlipidemia,
and hypertension [34, 35]. Also, it is reported that beta
glucan improves wound healing in diabetic mice [36]. In
addition, it has been suggested that beta-glucans may be
usedtopreventortreatexcessivemicroglialactivationduring
chronic inﬂammatory conditions [37]. The present study is
the ﬁrst experimental research demonstrating the protective
eﬀectiveness of beta glucan to protect diabetes-induced
oxidative stress in brain and sciatic nerve of rats.
Gliclazide which is a another marker of drug of the
present study, second-generation sulfonylurea, might exert
antioxidant eﬀect. It has been demonstrated that gli-
clazide prevents, through its antioxidant properties, oxidized
low-density lipoprotein-associated endothelial dysfunction,
apoptosis, and plaque rupture [38]. It has been found that
gliclazide was able to signiﬁcantly reduce high glucose-
induced apoptosis, mitochondrial alterations, and nitrotyro-
sine concentration increase [39]. It has been suggested that it
decreases hyperglycemia and hyperinsulinemia and inhibits
oxidative stress. It is also a promising therapeutic candidate
for the prevention of vascular complications of diabetes, by
decreasing the level of DNA damage induced by reactive
oxygen species [13, 40]. Also it has been found that gliclazide
reduced oxidative stress in liver and kidney tissues of diabetic
rats[11,41].Buttheprotectiveeﬀectofgliclazideondiabetic
brain and sciatic nerve tissues has not been reported so
far, it is interested in whether antioxidative properties of
gliclazide may occur to reduction in oxidative damage, in
the context of prevention of diabetes-associated neuropathy
and encephalopathy. In the present study, treatment with
gliclazide of diabetic rats signiﬁcantly reduced TOS and OSI
levelscomparedtountreateddiabeticratsinbrainandsciatic
tissues but insigniﬁcant increased TAS level and catalase
activity. Because of the decrease in these oxidants and the
increase in these antioxidants, the oxidative/antioxidative
balance demonstrated to shift towards the antioxidative
status with gliclazide treatment in brain and sciatic nerve
tissues of diabetic rats. This study is the ﬁrst experimental
research demonstrating the eﬀectiveness of gliclazide to
protect diabetes-induced oxidative stress in brain and sciatic
nerve of rats. As a result, we may explain these results due to
the antioxidant and antidiabetic eﬀects of gliclazide.
Paraoxonase is one of the important antioxidant en-
zymes. PON-1 hydrolyses lipid peroxides in oxidized lipo-
proteins. A close relationship between PON-1 deﬁciency and
accelerated progression of arteriosclerosis has been found
in experimental and human studies [42, 43]. Although
microangiopathy plays a role in the pathogenesis of diabetic
neuropathy, there has been little research on PON-1 activity
in patients with DM. Therefore, PON-1 was selected as
a marker agent of antioxidant defences system in present
study. In a previous study, it has been found that serum
PON-1 decreased in diabetic rats and spermine reversed the
decline of PON-1 spermine-treated diabetic rats [44]. Also,
it has been indicated that cerebrospinal ﬂuid (CSF) levels
of β-glucan and gliclazide correlated in a dose-dependent
pattern with therapeutic response, and they penetrated to
blood-brain barrier [45, 46]. To our knowledge, brain and
sciatic nerve injury relationship between PON-1 activities
has not been studied in diabetic rats. In this study, we found
decreased PON-1 activity in the brain and sciatic tissues of
diabetic rats compared to control rats. Both beta glucan and
gliclazide treatments were reversed to decrement activity of
PON-1 in diabetic rats.
5. Conclusions
Hyperglicemia in STZ-induceddiabetic ratscancauseoxida-
tive damage in brain and sciatic nerve tissues, which may
play vital roles in the pathogenesis of diabetic neuropathy
and encephalopathy. Also treatment of beta glucan and/or
gliclazide inhibits lipid peroxidation and regulates total
oxidant/antioxidant status in diabetic rat brain and sciatic
nerve tissues. This study results suggested that beta glucan
and gliclazide may be considered to reduce oxidative stress
in diabetic brain and sciatic nerve and may be used as a
protective agent against diabetic damage of brain and sciatic
nerve.
EthicalApproval
This paper was approved by Dicle University Animal Ethical
Committee.6 Experimental Diabetes Research
Acknowledgment
This research was supported ﬁnancially by the Dicle Univer-
sity.
References
[1] B. A. Perkins and V. Bril, “Emerging therapies for diabetic
neuropathy: a clinical overview,” Current Diabetes Reviews,
vol. 1, no. 3, pp. 271–280, 2005.
[2] Y. D. Reijmer, E. van den Berg, J. de Bresser et al., “Accelerated
cognitive decline in patients with type 2 diabetes: MRI
correlates and risk factors,” Diabetes/Metabolism Research and
Reviews, vol. 27, no. 2, pp. 195–202, 2011.
[3] K. R. Shanmugam, K. Mallikarjuna, N. Kesireddy, and K.
Sathyavelu Reddy, “Neuroprotective eﬀect of ginger on anti-
oxidant enzymes in streptozotocin-induced diabetic rats,”
Food and Chemical Toxicology, vol. 49, no. 4, pp. 893–897,
2011.
[ 4 ]E .A r n a l ,M .M i r a n d a ,J .B a r c i a ,F .B o s c h - M o r e l l ,a n dF .J .
Romero, “Lutein and docosahexaenoic acid prevent cortex
lipid peroxidation in streptozotocin-induced diabetic rat
cerebral cortex,” Neuroscience, vol. 166, no. 1, pp. 271–278,
2010.
[5] Z. Zheng, H. Chen, H. Wang et al., “Improvement of retinal
vascular injury in diabetic rats by statins is associated with the
inhibition of mitochondrial reactive oxygen species pathway
mediated by peroxisome proliferator-activated receptor γ
coactivator 1α,” Diabetes, vol. 59, no. 9, pp. 2315–2325, 2010.
[6] F. Giacco and M. Brownlee, “Oxidative stress and diabetic
complications,” Circulation Research, vol. 107, no. 9, pp. 1058–
1070, 2010.
[7] A. Cumaoˇ glu, G. Ozansoy, A. M. Irat, A. Aricioˇ glu, C ¸.K aras u,
a n dN .A r ı ,“ E ﬀect of long term, non cholesterol lowering
dose of ﬂuvastatin treatment on oxidative stress in brain and
peripheral tissues of streptozotocin-diabetic rats,” European
Journal of Pharmacology, vol. 654, no. 1, pp. 80–85, 2011.
[8] J. Chen and K. Raymond, “Beta-glucans in the treatment of
diabetes and associated cardiovascular risks,” Vascular Health
and Risk Management, vol. 4, no. 6, pp. 1265–1272, 2008.
[9] J. Chen and R. Seviour, “Medicinal importance of fungal β-
(1→3), (1→6)-glucans,” Mycological Research, vol. 111, no. 6,
pp. 635–652, 2007.
[10] M. Babincov´ a, Z. Bacov´ a, E. Machov´ a, and G. Kogan,
“Antioxidant properties of carboxymethyl glucan: compara-
tive analysis,” Journal of Medicinal Food, vol. 5, no. 2, pp. 79–
83, 2002.
[11] G. Alper, S. Irer, E. Duman, O. Caglayan, and C. Yil-
maz, “Eﬀect of I-deprenyl and gliclazide on oxidant
stress/antioxidant status and DNA damage in a diabetic rat
model,” Endocrine Research, vol. 31, no. 3, pp. 199–212, 2005.
[12] S. Pennathur and J. W. Heinecke, “Mechanisms of oxidative
stressindiabetes:implicationsforthepathogenesisofvascular
disease and antioxidant therapy,” Frontiers in Bioscience,vol. 9,
pp. 565–574, 2004.
[13] E. Uzar, H. Alp, M. U. Cevik et al., “Ellagic acid attenuates
oxidative stress on brain and sciatic nerve and improves
histopathology of brain in streptozotocin-induced diabetic
rats,” Neurological Sciences. In press.
[ 1 4 ]O .H .L o w r y ,N .J .R o s e b r o u g h ,A .L .F a r r ,a n dR .J .R a n d a l l ,
“Protein measurement with the Folin phenol reagent,” The
Journal of Biological Chemistry, vol. 193, no. 1, pp. 265–275,
1951.
[15] H. Ohkawa, N. Ohishi, and K. Yagi, “Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction,” Analytical
Biochemistry, vol. 95, no. 2, pp. 351–358, 1979.
[16] H. Aebi, “Catalase in vitro,” Methods in Enzymology, vol. 105,
pp. 121–126, 1984.
[ 1 7 ]H .W .E c k e r s o n ,C .M .W y t e ,a n dB .N .L aD u ,“ T h eh u m a n
serum paraoxonase/arylesterase polymorphism,” American
JournalofHumanGenetics,vol.35,no.6,pp.1126–1138,1983.
[18] O. Erel, “A novel automated method to measure total antiox-
idant response against potent free radical reactions,” Clinical
Biochemistry, vol. 37, no. 2, pp. 112–119, 2004.
[19] O.Erel,“Anewautomatedcolorimetricmethodformeasuring
total oxidant status,” Clinical Biochemistry, vol. 38, no. 12, pp.
1103–11111, 2005.
[20] E. Ozturk, O Balat, Y. G. Acılmıs, C. Ozcan, S. Pence, and ¨ O.
Erel, “Measurement of the placental total antioxidant status
in preeclamptic women using a novel automated method,”
Journal of Obstetrics and Gynaecology Research, vol. 37, no. 4,
pp. 337–342, 2011.
[21] A.Aycicek,O.Erel,andA.Kocyigit,“Increasedoxidativestress
in infants exposed to passive smoking,” European Journal of
Pediatrics, vol. 164, no. 12, pp. 775–778, 2005.
[22] D. W. Zochodne, “Diabetes mellitus and the peripheral
nervous system: manifestations and mechanisms,” Muscle &
Nerve, vol. 36, no. 2, pp. 144–166, 2007.
[23] A. Ozkul, M. Ayhan, C. Yenisey, A. Akyol, E. Guney, and F. A.
Ergin, “The role of oxidative stress and endothelial injury in
diabetic neuropathy and neuropathic pain,” Neuroendocrinol-
ogy Letters, vol. 31, no. 2, pp. 261–264, 2010.
[24] W. H. Hoﬀman, S. L. Siedlak, Y. Wang, R. J. Castellani, and
M. A. Smith, “Oxidative damage is present in the fatal brain
edema of diabetic ketoacidosis,” Brain Research, vol. 1369, pp.
194–202, 2011.
[25] G. Saravanan and P. Ponmurugan, “Beneﬁcial eﬀect of S-
allylcysteine (SAC) on blood glucose and pancreatic antiox-
idant system in streptozotocin diabetic rats,” Plant Foods for
Human Nutrition, vol. 65, no. 4, pp. 374–378, 2010.
[26] X. P. Cui, B. Y. Li, H. Q. Gao, N. Wei, W. L. Wang, and
M. Lu, “Eﬀects of grape seed proanthocyanidin extracts
on peripheral nerves in streptozocin-induced diabetic rats,”
Journal of Nutritional Science and Vitaminology, vol. 54, no.
4, pp. 321–328, 2008.
[27] L. L. Chen, F. Yu, T. S. Zeng, Y. F. Liao, Y. M. Li, and H. C.
Ding, “Eﬀects of gliclazide on endothelial function in patients
with newly diagnosed type 2 diabetes,” European Journal of
Pharmacology, vol. 659, no. 2-3, pp. 296–301, 2011.
[28] Y. Noda, A. Mori, and L. Packer, “Gliclazide scavenges
hydroxyl, superoxide and nitric oxide radicals: an ESR study,”
ResearchCommunicationsinMolecularPathologyandPharma-
cology, vol. 96, no. 2, pp. 115–124, 1997.
[29] N. Delibas, I. Kilinc, Z. Yonden, R. Sutcu, F. Gultekin, and
H. Koylu, “NMDA receptor subunits 2A and 2B decrease
and lipid peroxidation increase in the hippocampus of
streptozotocin-diabetic rats: eﬀects of insulin and gliclazide
treatments,”InternationalJournalofNeuroscience,vol.114,no.
3, pp. 391–401, 2004.
[30] M. Aslan, T. Sabuncu, A. Kocyigit, H. Celik, and S. Selek,
“Relationship between total oxidant status and severity of
diabetic nephropathy in type 2 diabetic patients,” Nutrition,
Metabolism and Cardiovascular Diseases, vol. 17, no. 10, pp.
734–740, 2007.
[31] J. Nourooz-Zadeh, D. Ziegler, C. Sohr, J. D. Betteridge, J.
Knight, and J. Hothersall, “The use of pholasin as a probeExperimental Diabetes Research 7
for the determination of plasma total antioxidant capacity,”
Clinical Biochemistry, vol. 39, no. 1, pp. 55–61, 2006.
[32] J. Saluk-Juszczak, K. Krolewska, B. Wachowicz et al., “(1→
3)-β-D-Glucan inhibits a dual mechanism of peroxynitrite
stroke,” International Journal of Biological Macromolecules, vol.
48, no. 3, pp. 488–494, 2011.
[33] N. Senoglu, M. F. Yuzbasioglu, M. Aral et al., “Protective
eﬀects of N-acetylcysteine and β-glucan pretreatment on
oxidativestressincecalligationandpuncturemodelofsepsis,”
Journal of Investigative Surgery, vol. 21, no. 5, pp. 237–243,
2008.
[34] S. Panahi, A. Ezatagha, F. Temelli, T. Vasanthan, and V.
Vuksan, “β-glucan from two sources of oat concentrates aﬀect
postprandial glycemia in relation to the level of viscosity,”
Journal of the American College of Nutrition,v o l .2 6 ,n o .6 ,p p .
639–644, 2007.
[35] A.L.Jenkins,D.J.A.Jenkins,U.Zdravkovic,P.W¨ ursch,andV.
Vuksan, “Depression of the glycemic index by high levels of β-
glucan ﬁber in two functional foods tested in type 2 diabetes,”
European Journal of Clinical Nutrition, vol. 56, no. 7, pp. 622–
628, 2002.
[ 3 6 ]M .B e r d a l ,H .I .A p p e l b o m ,J .H .E i k r e me ta l . ,“ A m i n a t e d
β-1,3-D-glucan improves wound healing in diabetic db/db
mice,” Wound Repair and Regeneration, vol. 15, no. 6, pp. 825–
832, 2007.
[37] V. B. Shah, D. L. Williams, and L. Keshvara, “β-Glucan
attenuates TLR2- and TLR4-mediated cytokine production by
microglia,” Neuroscience Letters, vol. 458, no. 3, pp. 111–115,
2009.
[38] L. Li and G. Renier, “The oral anti-diabetic agent, gli-
clazide, inhibits oxidized LDL-mediated LOX-1 expression,
metalloproteinase-9 secretion and apoptosis in human aortic
endothelial cells,” Atherosclerosis, vol. 204, no. 1, pp. 40–46,
2009.
[39] S. Del Guerra, M. Grupillo, M. Masini et al., “Gliclazide
protects human islet beta-cells from apoptosis induced by
intermittent high glucose,” Diabetes/Metabolism Research and
Reviews, vol. 23, no. 3, pp. 234–238, 2007.
[40] A. Sliwinska, J. Blasiak, J. Kasznicki, and J. Drzewoski, “In
vitroeﬀectofgliclazideonDNAdamageandrepairinpatients
with type 2 diabetes mellitus (T2DM),” Chemico-Biological
Interactions, vol. 173, no. 3, pp. 159–165, 2008.
[41] M. L. Onozato, A. Tojo, A. Goto, and T. Fujita, “Radical
scavenging eﬀect of gliclazide in diabetic rats fed with a high
cholesterol diet,” Kidney International, vol. 65, no. 3, pp. 951–
960, 2004.
[42] C. Zhang, W. Peng, M. Wang et al., “Studies on protective
eﬀects of human paraoxonases 1 and 3 on atherosclerosis in
apolipoprotein E knockout mice,” Gene Therapy, vol. 17, no.
5, pp. 626–633, 2010.
[43] M. Inoue, T. Suehiro, T. Nakamura, Y. Ikeda, Y. Kumon,
and K. Hashimoto, “Serum arylesterase/diazoxonase activity
and genetic polymorphisms in patients with type 2 diabetes,”
Metabolism, vol. 49, no. 11, pp. 1400–1405, 2000.
[44] A. Jafarnejad, S. Z. Bathaie, M. Nakhjavani, and M. Z. Hassan,
“Eﬀect of spermine on lipid proﬁle and HDL functionality in
the streptozotocin-induced diabetic rat model,” Life Sciences,
vol. 82, no. 5-6, pp. 301–307, 2008.
[45] R. Petraitiene, V. Petraitis, W. W. Hope et al., “Cerebrospinal
ﬂuid and plasma (1→3)-β-D-glucan as surrogate markers
for detection and monitoring of therapeutic response in
experimental hematogenous Candida meningoencephalitis,”
Antimicrobial Agents and Chemotherapy, vol. 52, no. 11, pp.
4121–4129, 2008.
[46] H. Al-Salami, G. Butt, I. Tucker, and M. Mikov, “Inﬂuence
of the semisynthetic bile acid (MKC) on the ileal permeation
of gliclazide in healthy and diabetic rats,” Pharmacological
Reports, vol. 60, no. 4, pp. 532–541, 2008.